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(57) ABSTRACT 

A catalyst assembly comprising a substrate, nano?laments 
Which have a nanometer- siZe diameter and are formed on the 
substrate, and particles Which have a nanometer-size diam 
eter, at least one of the nano?laments and the particles 
having a catalytic function, is provided to use a catalyst 
more ef?ciently and to provide a catalytic function more 
ef?ciently. lnterstices between the nano?laments serve as 
distribution channels of a reactive gas, and the reactive gas 
spreads suf?ciently not only around the ends of nano?la 
ments but also inside a catalyst assembly. A combination of 
nano?laments and particles enables dispersion of a catalyst 
at a distance of not more than about 100 nanometers. 

17 Claims, 1 Drawing Sheet 
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CATALYST ASSEMBLY 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a catalyst assembly 

comprising a catalyst supported on a substrate and, espe 
cially, it relates to a catalyst assembly suitable for purifying 
an automobile exhaust gas. 

2. Description of the Related Art 
For example, a catalyst assembly for purifying an auto 

mobile exhaust gas comprising a cordierite carrier as a 
substrate and a noble metal as a catalyst supported on the 
carrier is knoWn but, as the bonding strength to a noble metal 
is Weak, the cordierite in itself cannot support a suf?cient 
amount of a noble metal. 

Therefore, conventionally, y-alumina having a large spe 
ci?c surface area is supported, to a thickness of tens of 
micrometers, on a surface of cordierite, and catalyst particles 
are supported on the y-alumina by the use of physical 
adsorption on this large surface area. Sometimes only par 
ticles having a catalytic function are supported, and some 
times a co-catalyst or particles having an occlusion function 
may be also supported in addition to catalyst particles as in 
a three-Way catalyst for automobiles or a NO,C occlusion 
reduction catalyst. 
When a catalyst is supported on y-alumina, the catalyst is 

supported not only on a surface of y-alumina layer but also 
inside porous y-alumina particles and betWeen the particles. 
In this case, a catalyst supported on the surface Works Well, 
but there is a problem that a catalyst inside the y-alumina 
particle does not Work Well because dilfusion of a reactive 
gas to the inside of the particle is sloW. 

For this reason, it Was necessary to support much more 
catalyst than a necessary minimum amount in order to attain 
the required puri?cation. 
When supporting tWo or more kinds of particles having 

different functions, such as a catalytic function and a co 
catalytic function, it is preferable that the particles are 
adjacent to each other. HoWever, if a catalyst particle is 
supported on y-alumina, as y-alumina exists also betWeen 
each particle, there Was a problem that the particles are 
adjacent to each other With a loW probability and do not 
function sufficiently. 
As there are problems that an amount of used catalyst Was 

too high, a catalyst did not function suf?ciently and so on, 
it is desired to use a catalyst more e?iciently and make a 
catalytic function more e?icient. 

SUMMARY OF THE INVENTION 

The present invention aims at providing a catalyst assem 
bly Which has an increased catalyst ef?ciency and also can 
provide a more su?icient catalytic function in vieW of the 
above-mentioned problem. 

In order to attain the above-mentioned aim, the inventors 
paid attention to suf?ciently securing a diffusion channel for 
gas, increasing the percentage of catalysts Which Work 
effectively even if the amount of the catalysts is the same, 
highly dispersing particles having catalyst and co-catalyst 
functions in the range of nanometers (not more than about 
100 nanometers) and smaller than before, thus increasing the 
probability that particles are adjacent to each other, and 
increasing the number of active sites. 

The present invention includes a catalyst assembly com 
prising a substrate, nano?laments Which have a nanometer 
siZe diameter and are formed on the substrate, and particles 
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2 
Which have a nanometer-siZe diameter, at least one of the 
nano?laments and the particles having a catalytic function. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates the structure of a catalyst assembly of an 
example of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A catalyst assembly of the present invention comprises a 
substrate 1, nano?laments 2 Which have a nanometer-size 
diameter and are formed on the substrate 1, and particles 3 
Which have a nanometer-siZe diameter, at least one of the 
nano?laments 2 and the particles 3 having a catalytic 
function. In the present invention, “nanometer-size” means 
to be not more than about 100 nanometers. 

In FIG. 1, nano?laments 2 groW up from a surface of the 
substrate 1, and nano?laments 2 protrude from a surface of 
a substrate 1. Particles 3 are supported on nano?laments 2. 
Furthermore, particles 3 may be supported not on nano?la 
ments 2 but on a substrate 1, and particles 3 may be 
supported both on nano?laments 2 and on a substrate 1. 
A substrate 1 is a carrier supporting nano?laments 2, and 

it may also be a carrier supporting particles 3 as Well as 
nano?laments 2. A substrate may have any shape such as 
plate, honeycomb, particle, stick, and the like. Nano?la 
ments 2 may be a carrier supporting particles 3, and it may 
have a catalytic or co-catalytic function. When nano?la 
ments 2 do not support particles 3, nano?laments 2 may 
have only a catalytic or co-catalytic function. 

Nano?laments 2 preferably have a diameter of from 1 to 
200 nanometers, more preferably of from 5 to 100 nanom 
eters, and they preferably have an aspect ratio of no less than 
10 in order for them to be dispersed at a distance of not more 
than about 100 nanometers and be arranged three-dimen 
sionally. 

In order to optimiZe space density inside a catalyst 
assembly and to secure distribution channels for a gas and a 
con?guration space for particles 3 having a nanometer-size 
diameter, it is preferred that nano?laments 2 are arranged at 
intervals of from 2 to 200 nanometers, more preferably from 
2 to 100 nanometers. 
At least one of the nano?laments 2 and the particles 3 

have a catalytic function. When the particles 3 have a 
catalytic function, the nano?laments 2 may have no catalytic 
function or they may have a co-catalytic function or a 
catalytic function. When the nano?laments 2 have a catalytic 
function, the particles 3 may have a co-catalytic function or 
a catalytic function. 

Particles 3 having a co-catalytic function may exist 
together With particles 3 having a catalytic function. Par 
ticles 3 having a catalytic function preferably have a diam 
eter of from 0.5 to 50 nanometers, more preferably of from 
0.5 to 30 nanometers, in order to be dispersed at a distance 
of not more than about 100 nanometers. Particles 3 having 
a co-catalytic function preferably have a diameter of from 
0.5 to 50 nanometers in order to be dispersed in the same 
range as particles 3 having a catalytic function. 
As a material forming a substrate 1 or nano?laments 2, a 

metal oxide, a metal nitride, a metal carbide, a metal, an 
intermetallic compound, an oxide, nitride, or carbide of 
silicon, an ally or solid solution thereof, and the like can be 
used. Speci?c examples thereof are at least one selected 
from the group consisting of cordierite, alumina, silica, 
Zirconia, ceria, silicon carbide, silicon nitride, titania, tin 
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oxide, iron oxide, manganese oxide, Zinc oxide, copper 
oxide, Zeolite, carbon, Si, Au, Ag, Co, Fe, Zn, Ni, or a solid 
solution thereof. 

Examples of a material having a catalytic function used 
for particles 3 or nano?laments 2 include a metal, a metal 
oxide, a metal sul?de, and the like. Speci?c examples of the 
metal are at least one selected from the group consisting of 

Pt, Rh, Pd, lr, Ru, Au, Ag, Re, Os, Co, Ni, Fe, Cu, Mn, Cr, 
V, Mo and W, or a solid solution thereof. Examples of the 
metal oxide include an oxide of Pt, Rh, Pd, lr, Ru, Au, Ag, 
Re, Os, Co, Ni, Fe, Cu, Mn, Cr, V, Mo or W, and speci?c 
examples thereof include PdO, CO3O4, Cr2O3, Mn2O3, 
CuO, CeO2, Fe2O3, V205, PtO, and the like. Examples of 
the metal sul?de include MoS2 and the like. 

Examples of a material having a co-catalytic function 
used for particles 3 or nano?laments 2 include a material 
having a function of adsorbing and desorbing oxygen, and a 
material having a function of adsorbing and desorbing VOC 
(volatile organic compound), a hydrocarbon, NOX, SOX, CO 
and the like physically or chemically. 

Speci?c examples of a material having a function of 
adsorbing and desorbing oxygen among materials having a 
co-catalytic function include an oxide of Ce, Zr or Y, and a 
solid solution thereof. More speci?cally, cerium oxide 
(CeO2) has a function of adsorbing and desorbing oxygen, 
and an oxide of Zr, Y or La has a function of promoting 
adsorption and desorption of oxygen. 

Nano?laments composed of a material having a function 
of adsorbing and desorbing oxygen have the folloWing 
advantage; by using a catalyst assembly of the present 
invention for an automobile exhaust gas purifying device, 
during combustion at an air-fuel ratio of lean side Where 
much oxygen remains in an exhaust gas, a part of remaining 
oxygen is adsorbed by nano?laments, and therefore a func 
tion of purifying an automobile exhaust gas by reduction can 
be activated. On the other hand, during combustion at an 
air-fuel ratio of rich side Where little oxygen remains in an 
exhaust gas, oxygen is desorbed from nano?laments, and 
therefore a function of purifying an automobile exhaust gas 
by oxidation can be activated. 

Examples of a material having a physical adsorbing 
function among materials having a co-catalytic function 
include a porous material such as a Zeolite, a mesoporous 
silica, an active carbon, and the like. Examples of a material 
having a chemically adsorbing function include compounds 
of an alkali metal or alkaline earth metal such as K, Ba, and 
the like. 

Examples of a method of preparing particles 3 Which has 
a nanometer-size diameter include a coprecipitation method, 
a sol-gel method, a plating method, and the like. Examples 
of a method of preparing nano?laments 2 include CVD 
(chemical vapor deposition), PVD (physical vapor deposi 
tion), and the like. 
A catalyst assembly of the present invention comprises a 

substrate 1, nano?laments 2 Which have a nanometer-size 
diameter and are formed on the substrate 1, and particles 3 
Which have a nanometer-size diameter, at least one of the 
nano?laments 2 and the particles 3 having a catalytic 
function. 

According to the invention, interstices betWeen nano?la 
ments 2 serve as distribution channels of a reactive gas, and 
the ef?ciency of a catalyst is improved because the reactive 
gas spreads suf?ciently not only around the ends of nano?la 
ments but also inside a catalyst assembly. 
When using a catalyst assembly, for example, for purify 

ing an automobile exhaust gas, if the How rate of gas passing 
through the catalyst assembly is high and a How in the 
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4 
catalyst assembly is a laminar How, a reactive gas or an 
exhaust gas reaches a surface of catalyst only by diffusion in 
a conventional catalyst assembly. 
On the other hand, in a catalyst assembly comprising 

nano?laments 2 formed on a substrate 1 and catalyst par 
ticles 3 supported thereon like the present invention, a How 
is disturbed by nano?laments 2 and a turbulent ?oW arises, 
Whereby the gas is effectively agitated in addition to diffu 
sion and, therefore, the gas spreads throughout the catalyst 
assembly, and the ef?ciency of puri?cation increases. 
A combination of nano?laments 2 and particles 3, Which 

both have a nanometer-size diameter, enables dispersion of 
a catalyst at a distance of not more than about 100 nanom 
eters. Therefore, When nano?laments 2 and particles 3 have 
different functions, for example, one is a catalyst and the 
other is a co-catalyst, the catalyst and the co-catalyst can be 
adjacent to each other, Whereby active sites increase and the 
catalyst can function sufficiently. 

Thus, according to the present invention, a catalyst assem 
bly Which has an increased ef?ciency and also can provide 
a catalytic function more suf?ciently can be provided. 
A catalyst assembly of the present invention can be used 

in various ?elds such as exhaust gas puri?cation, environ 
mental cleanup, a fuel cell, and the like. 

EXAMPLES 

The folloWing examples illustrate the present invention, 
but the scope of invention is not limited by the folloWing 
examples. 

Example 1 

A mixed poWder of Si and SiO2 having an atomic ratio of 
70:30 Was put on an alumina boat, and the boat Was placed 
in the center of a silica tube and Was heated at a temperature 
of 1200 degrees centigrade for 5 hours While argon gas 
containing one percent of oxygen ?oWed from one end of the 
silica tube. SiO2 nano?laments Were produced on the surface 
of a cordierite honeycomb, as a substrate, placed doWn 
stream. 

The inventors think this is because a SiO2 crystal groWs 
selectively along the direction of a crystal face Where crystal 
energy is the most stable When SiO2 is evaporated by heating 
and is deposited physically on a cordierite. 
TEM analysis shoWed that the nano?laments had an 

average diameter of 10 nanometers and Were formed at 
intervals of about 50 nanometers. 
The resulting cordierite honeycomb With nano?laments 

groWing on the surface of the honeycomb Was impregnated 
With a solution of chloroplatinic acid having a concentration 
of 2.5 mmol/L, and then Was dried and heated at a tempera 
ture of 600 degrees centigrade, Whereby platinum particles 
having a diameter of about one nanometer as particles 3 
Were deposited on the surfaces of honeycomb and nano?la 
ments to obtain a catalyst assembly. 

Example 2 

A mixed poWder of SiO2, MgO and Al2O3 having a 
Weight ratio of 5l.4:l3.7:34.9 Was put on an alumina boat, 
and the boat Was placed in the center of a silica tube and Was 
heated at a temperature of 1500 degrees centigrade for 5 
hours While argon gas containing one percent of oxygen 
?oWed from one end of the silica tube. Cordierite nano?la 
ments Were produced on the surface of a cordierite honey 
comb, as a substrate, placed doWnstream. 



US 7,323,432 B2 
5 

TEM analysis showed that the nano?laments had an 
average diameter of 30 nanometers and Were formed at 
intervals of about 100 nanometers. 

The honeycomb Was impregnated With a solution of 
chloroplatinic acid having a concentration of 2.5 mmol/L, 
and then Was dried and heated at a temperature of 600 
degrees centigrade, Whereby platinum particles having a 
diameter of about one nanometer as particles 3 Were depos 
ited on the surfaces of honeycomb and nano?laments to 
obtain a catalyst assembly. 

Example 3 

An A1203 substrate Was placed in the center of a silica 
tube, and ferrocene vapor Was passed, With H2, through the 
tube during heating at a temperature of 600 degrees centi 
grade, and Fe nanoparticles Were deposited by reduction on 
the surface of the substrate. These Fe nanoparticles Would be 
used as nuclei for groWth of SiC nano?laments produced 
later. 

Thereafter, SiCl4/C6H6/H2/Ar gas Was passed through the 
tube, and Was reacted at a temperature of 900 degrees 
centigrade for 30 minutes, Whereby SiC nano?laments Were 
produced on the A1203 substrate. 
TEM analysis shoWed that the nano?laments had an 

average diameter of 10 nanometers and Were formed at 
intervals of about 50 nanometers. 

The resulting substrate With nano?laments Was impreg 
nated With a solution of chloroplatinic acid having a con 
centration of 2.5 mmol/L and, like Examples 1 and 2, 
platinum particles having a diameter of about one nanometer 
as particles 3 Were deposited on the surfaces of substrate and 
nano?laments to obtain a catalyst assembly. 

Example 4 

Zn poWder and Au nanoparticles Were mixed on a cordi 
erite carrier as a substrate, and Were superheated under 
oxidiZing atmosphere to obtain ZnO nano?laments on the 
substrate. 
TEM analysis shoWed that the nano?laments had an 

average diameter of 80 nanometers and Were formed at 
intervals of about 200 nanometers. 

Pt nanoparticles Were deposited, as in Example 1, to 
obtain a catalyst assembly comprising nano?laments having 
a photocatalytic function and a nanoparticle catalyst. 

Example 5 

A CeO2 substrate Was heated in Ar gas, and ceria nano?la 
ments Were formed on the substrate. 

TEM analysis shoWed that the nano?laments had an 
average diameter of 50 nanometers and Were formed at 
intervals of about 200 nanometers. 
As in Example 1, Pt nanoparticles Were deposited to 

obtain a catalyst assembly, Which can be used as a three-Way 
catalyst for purifying an automobile exhaust gas. 

Example 6 

A cordierite honeycomb as a substrate Was put in a reactor 
tube, and a vapor generated by heating Ce and Zr Was 
passed, With Ar/O2 gas, from one end of the reactor tube to 
react at a temperature of 1400 degrees centigrade for 60 
minutes. Thereby, nano?laments of a CeOZ/ZrO2 solid solu 
tion Were formed on the surface of the cordierite honey 
comb. 
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6 
TEM analysis shoWed that the nano?laments had an 

average diameter of 40 nanometers and Were formed at 
intervals of about 150 nanometers. 

The resulting honeycomb With nano?laments Was 
impregnated With a solution of chloroplatinic acid having a 
concentration of 2.5 mmol/L, and then Was dried and heated 
at a temperature of 600 degrees centigrade for 5 hours, 
Whereby platinum particles having a diameter of about one 
nanometer, as particles 3, Were deposited on the nano?la 
ments. In addition, the resulting honeycomb With platinum 
particles deposited Was impregnated in a solution of chlo 
rorhodic acid having a concentration of 0.5 mmol/L, and 
then dried and heated in the same Way. Thus, rhodium 
particles having a diameter of about one nanometer, as 
particles 3, Were deposited on the nano?laments to obtain a 
catalyst assembly comprising tWo kinds of particles, Which 
can be used as a three-Way catalyst for purifying an auto 
mobile exhaust gas. 

What is claimed is: 
1. An automobile exhaust gas purifying device compris 

ing a catalyst assembly comprising a substrate, nano?la 
ments Which have a nanometer-size diameter and are formed 
on the substrate, and particles Which have a nanometer-size 
diameter of not more than approximately 100 nanometers, at 
least one of the nano?laments and the particles having a 
catalytic function; Wherein 

the nano?laments extend from a surface of the substrate; 
and 

the particles are supported on the nano?lament. 
2. An automobile exhaust gas purifying device according 

to claim 1, Wherein adjacent nano?laments have an interval 
of from 2 to 200 nanometers. 

3. An automobile exhaust gas purifying device according 
to claim 1, Wherein adjacent nano?laments have an interval 
of from 2 to 100 nanometers. 

4. An automobile exhaust gas purifying device according 
to claim 1, Wherein the particles have a diameter of from 0.5 
to 50 nanometers. 

5. An automobile exhaust gas purifying device according 
to claim 1, Wherein the nano?laments extend generally 
perpendicular from a surface of the substrate. 

6. An automobile exhaust gas purifying device according 
to claim 1, Wherein the substrate is in the shape of a plate, 
honeycomb, particle, or stick. 

7. An automobile exhaust gas purifying device according 
to claim 1, Wherein the substrate comprises at least one 
selected from the group consisting of an oxide, a nitride, a 
carbide of a metal or silicon, and a solid solution thereof. 

8. An automobile exhaust gas purifying device according 
to claim 1, Wherein the particles have a catalytic function. 

9. An automobile exhaust gas purifying device according 
to claim 8, Wherein the nano?laments comprise a material 
having a co-catalytic function. 

10. An automobile exhaust gas purifying device according 
to claim 9, Wherein the material has a function for adsorbing 
and desorbing oxygen. 

11. An automobile exhaust gas purifying device according 
to claim 8, Wherein the nano?laments comprise an oxide of 
cerium, Zirconium or yttrium, or a solid solution thereof. 

12. An automobile exhaust gas purifying device according 
to claim 8, Wherein the nano?laments comprise CeO2, ZrO2 
or Y2O3. 
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13. An automobile exhaust gas purifying device according 
to claim 8, Wherein the nano?laments comprise CeO2. 

14. An automobile exhaust gas purifying device according 
to claim 1, Wherein the particles comprise at least one 
selected from the group consisting of a metal, a metal oxide 
and a metal sul?de. 

15. An automobile exhaust gas purifying device according 
to claim 1, Wherein the particles comprise platinum. 

8 
16. An automobile exhaust gas purifying device according 

to claim 1, Wherein the particles comprise platinum and the 
nano?laments comprise CeO2 or a solid solution of CeO2 
and ZrO2. 

17. An automobile exhaust gas purifying device according 
to claim 1, Wherein the catalytic function comprises purify 
ing an automobile exhaust gas. 

* * * * * 


